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@ System to determine cam phase and cylinder identification for a variable cam timing engine. 

@ A detection system and method for determin- 
ing the phase relationship between a crankshaft « 
and one or more independently phase shiftable 
camshafts (12,14) which the system integrates 
into camshaft and cylinder identification sen- 
sors (58,60) for determining both cam location 
for variable cam phasing, and for generating a 
cylinder identification signal uniquely Identify- 
ing one of the cylinders, for sequential fuel 
injection, thus reducing : (i) the number of sen- 
sors needed to operate the system to a single 
crankshaft sensor and a single sensor for each 
camshaft; and (ii) the number of high-speed 
inputs needed on the on- board engine control 
unit microprocessor. The number of sensing 
teeth on the independent cam wheels (62,72) 
vary depending upon the number of cylinders 
and the number of independently phase shift- 
able camshafts in the engine. Each sensing 
tooth is associated with one of the engine's 
cylinders and one cam wheel (72) contains an 
extra cylinder identification tooth associated 
with a selected cylinder. 
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This invention relates to variable cam timing en- 
gines, particularly to systems and methods of opera- 
tion for determining cam phase angle and generating 
a cylinder identification signal. 

Typically, in conventional internal combustion en- 
gines, the timing between the camshaft and crank- 
shaft is rotationally fixed. More recent engine designs 
have provided mechanisms to vary this timing in or- 
der to maximise fuel economy and minimise harmful 
emissions emitted from the engine's exhaust. 

In order to accomplish this, the overall system 
must incorporate some type of sensing system to de- 
termine the existing phase relationship of the cam- 
shaft to the crankshaft, in order to determine the rel- 
ative change in the phase between the two to maxi- 
mise fuel economy and minimise harmful emissions. 
This usually is accomplished with separate sensors 
on the crankshaft and each independently phase 
shiftable camshaft, by transmitting these signals to 
an on-board microprocessor, to generate a phase 
correction signal. A phase shifting mechanism is ac- 
tivated by the phase correction signal to accomplish 
the desired result. 

Additionally, more engines are designed with se- 
quential fuel injection. The purpose of such an engine 
design improvement is to increase fuel economy and 
reduce harmful emissions. This typically is accom- 
plished by configuring a system to sense the rotation- 
al position of the camshaft, and by adding a sensor 
to generate a cylinder identification signal (i.e. engine 
rotational position). This cylinder identification signal 
is then sent to an on-board microprocessor, which de- 
termines the proper sequential timing of the fuel injec- 
tion into each cylinder. 

Despite these developments, there exists a need 
to reduce the number of parts or components in such 
systems, and to reduce the number of process steps 
being performed, all of which should result in im- 
provements in cost and reliability. In order to reduce 
the number of sensors needed, and correspondingly 
to reduce the number of high speed inputs into an on- 
board microprocessor, a system is needed which can 
integrate these two functions and yet still perform 
both the phase shift and the sequential fuel injection 
functions adequately. 

The present invention contemplates a system 
and method of operation for determining the phase 
between a crankshaft and several independently 
phase shiftable camshafts which can be used to con- 
trol both independent camshaft phase shifting and 
sequential fuel injection. 

The present invention further contemplates a 
crankshaft sensor, for generating crankshaft position 
signal which is transmitted to an electronic distributor- 
less ignition system (EDIS) microprocessor. The dis- 
tributorless ignition system microprocessor reads the 
crankshaft position signals, generates a profile igni- 
tion pick-up (PIP) signal, and then transmits it to the 



engine control unit (ECU) microprocessor. This profile 
ignition pick-up signal is compared with the signals 
from the camshaft sensors to determine relative 
phase shifts between a crankshaft and independently 

5 phase shiftable camshafts. This phase shift is com- 
pared with a desired phase shift generated by the en- 
gine control processor to determine the difference. 
The engine control unit microprocessor will generate 
from this difference a camshaft phase shift signal 

10 which activates independent variable cam timing 
mechanisms to phase shift the camshaft to establish 
the derived phase relationship between the cam- 
shafts and the crankshaft In the present embodi- 
ments, the signals from each camshaft sensor is re- 

15 ceived at an independent high speed input of the en- 
gine control unit processor. 

In an alternative embodiment, the signals from 
the camshaft sensors are electrically combined using 
an OR circuit and are received by the ECU micropro- 

20 cessor through a single high-speed input, reducing 
the number of high-speed inputs into the ECU micro- 
processor. 

In an additional alternative embodiment, the 
number of teeth for sensing the camshaft location 
25 and position double on each cam wheel to increase 
the sampling rate of the camshaft position. This is es- 
pecially useful on engines with fewer cylinders oper- 
ating at low engine speeds. 

The present invention also contemplates a meth- 
30 od of operating the above described system which in- 
cludes detecting the cam and cylinder identification 
tabs on the camshaft pulse wheels to generate a cam- 
shaft signal having a cam positional component and 
a cylinder identification component, and transmitting 
35 the resulting signals to the ECU microprocessor. Si- 
multaneously, crankshaft position designations on 
the crankshaft sprocket are detected to generate a 
crankshaft signal which is transmitted to the EDIS mi- 
croprocessor. The EDIS microprocessor in turn reads 
40 this signal to create a PIP signal transmitted to the 
ECU microprocessor. Using the PIP signal as a refer- 
ence along with the CID signal, the ECU micropro- 
cessor next identifies cylinder number 1 and calcu- 
lates the phase between the crankshaft and each in- 
45 dependently phase shiftable camshaft This informa- 
tion is then used for generating and transmitting a se- 
quential fuel control timing signal to sequence the fuel 
injectors and also generates and transmits a cam 
phase shift signal to the camshaft phase shift mech- 
50 anisms corresponding to a desired phase angle rela- 
tionship to be established between the camshaft and 
crankshaft for a desired engine performance. 

The invention wBI now be described further, by 
way of example, with reference to the accompanying 
55 drawings, in which: 

Figure 1 is a block diagram of a control circuit for 
sensing relative position of a crankshaft and two 
independently phase shiftable camshafts, for 
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camshaft phase shifting and sequential fuel con- 
trol; 

Figure 2 is a schematic diagram showing the rel- 
ative positions of the crankshaft prof He ignition 
pick-up (PIP) signal and the cam pulses from the 5 
camshaft pulse wheels, forone engine cycle of an 
eight cylinder engine with two independently 
phase shrftabie camshafts, in accordance with 
the present invention; 

Figure 3 is a schematic diagram showing the w 
combination of signals from two independent 
camshaft sensors, through an OR circuit to one 
signal fed into a single high-speed input on the 
ECU microprocessor, as taken from the encircled 
area designated "A" in Figure 1 in accordance is 
with the present invention; 
Figure 4 is a schematic diagram showing four in- 
dependent camshaft pulse wheels and t he result- 
ing signal pulses sent to the ECU microproces- 
sor, along wit h PI P signal for one engine cycle of 20 
an eight cylinder engine in accordance with the 
present invention; 

Figure 5 shows an alternative embodiment to the 
schematic diagram of Figure 4, with an indepen- 
dent camshaft phase sensor and its correspond- 25 
ing signal sent to the ECU microprocessor along 
with the PIP signal for a four cylinder engine with 
one independent camshaft, with a high sample 
rate, in accordance with the present invention; 
Figure 6 is a graph showing the relative cam 30 
phase signal in advance and retard positions, rel- 
ative to the PIP signal as taken from the encircled 
area designated "B" in Figure 2. 
Referring to the drawings, Figure 1 is a general 
block diagram of a cam phase and cylinder identrf ica- 35 
tion system 10, as a first embodiment for use with an 
eight-cylinder engine. The engine, not shown, has 
two independently phase shrftabie camshafts 12, 14. 
The cam phase and cylinder identification system 
consisting of a first microprocessor such as an engine 40 
control unit (ECU) microprocessor 16, to process the 
cam signals 18, 20, cylinder identification (CID) signal 
22 and the profile ignition pick-up (PIP) signal 24, re- 
ceived through three high speed inputs 26, 28, 30 re- 
spectively. 45 

The ECU microprocessor 16 is electrically con- 
nected to the left-hand variable cam timing mecha- 
nism (LH-VCT) 36 and right-hand variable cam timing 
mechanism (RH-VCT) 38. through the variable cam 
timing signal leads 32, 34, respectively. Throughout so 
this specification, reference to an "independent cam- 
shaft" or "independent camshafts" means an inde- 
pendently phase shrftabie camshaft wherein its 
phase angle relative to the crankshaft can be adjust- 
ed by a suitable mechanism, such as shown in U.S. ss 
Patent 5,117,784 to Simko et al, assigned to the as- 
signee of the present invention, or any other rotary 
shaft phase shift mechanism known in the art. These 



variable cam timing mechanisms 36, 38 are indepen- 
dently connected to the left-hand camshaft 12 and 
right-hand camshaft 14, respectively, in such a way 
so as to allow phase shifts relative to the crankshaft 
40. 

Further the ECU microprocessor 16 is electrical- 
ly connected by the vehicle wiring harness 42 to the 
fuel injectors 44. 

The PIP signal 24 is generated by the EDIS mi- 
croprocessor 54 from the crankshaft signal generat- 
ed by the crankshaft sensor 46 reading the crank- 
shaft sprocket 48. A preferred embodiment of the 
camshaft sprocket consists of thirty-five gear teeth 
50 spaced ten degrees apart which result in one tooth 
missing, that the crankshaft sensor 46 uses for sens- 
ing the position of the crankshaft sprocket 48. The 
crankshaft sprocket 48 is rotationally fixed relative to 
the crankshaft 40. The crankshaft signal 52 is elec- 
trically transmitted to a second microprocessor such 
as an electronic drstributorless ignition system (EDIS) 
microprocessor 54 through a high-speed input 56, 
which converts the crankshaft signal 52 into the PIP 
signal which is then electrically transmitted on lead 24 
to a high-speed input 30. A PIP pulse occurs at evenly 
spaced rotational intervals of the engine's crankshaft 
with one pulse per cylinder per engine cycle. This ser- 
ies of PIP pulses constitute the PIP signal. 

The left-hand cam signal 18, and right-hand cam 
signal 20 along with the CID signal 22 are generated 
by the lefthand cam sensor 58 and right-hand cam 
sensor 60 respectively. These signals 18 and 20, 22 
are received by the ECU microprocessor 16 through 
high-speed inputs 26 and 28 respectively. "Left-hand" 
and "right-hand" is merely used herein as a conve- 
nient manner of distinguishing one camshaft from a 
second camshaft 

Referring to Figures 1 and 2, the timing of the 
cam signals 18, 20 and CID signals 22 relative to each 
other and the PIP signal 24 is shown for one complete 
engine cycle. The number of pulse wheels is equal to 
the number of independently phase shrftabie cam- 
shafts in the engine. The number of equally spaced 
position indicating devices, such as cam pulse wheel 
tabs, per pulse wheel is equal to the number of cylin- 
ders in the engine, divided by the number of indepen- 
dently phase shrftabie camshafts (always an integer). 
When there are more than one pulse wheel only one 
has an additional CID tab. 

In the first embodiment, as the left-hand cam- 
shaft pulse wheel 62 which is fixed rotationally to the 
left-hand camshaft 12 rotates, four cam tabs 64, 66, 
68, 70 equally spaced ninety degrees around the per- 
iphery and fixed to the left-hand cam pulse wheel 62, 
pass by the left-hand cam sensor 58, fixed relative to 
the engine. The left-hand cam sensor 58 detects the 
passing of each and generates the respective cam 
pulses or position signals 65, 67, 69, 71 which are re- 
ceived by the ECU microprocessor 16. 
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As the right-hand camshaft pulse wheel 72, 
which is fixed rotationally to the right-hand camshaft 
14 rotates, four cam pulse wheel tabs 74, 76, 78, 80 
equally spaced at ninety degrees to the right-hand 
cam pulse wheel 72, pass by the right-hand cam sen- 
sor 60 fixed relative to the engine. The right hand cam 
sensor 60 senses t he passing of each tab and gener- 
ates respective electric cam pulses or position signals 
75, 77, 79, 81 which are received by the ECU micro- 
processor 16. In addition, the right-hand cam pulse 
wheel has a cylinder identification (CID) tab 82, fixed 
to the right-hand cam pulse wheel 72, half-way be- 
tween two right-hand pulse wheel tabs 76,78 which, 
as it passes by the sensor 60, causes the sensor 60 
to generate a CID pulse 84 which is received along 
with the right-hand cam pulses by the ECU micropro- 
cessor 16. 

The ECU microprocessor 16 then compares 
these signals, to determine the relative phase angle 
relationship, for controlling the variable cam timing 
and sequential fuel injection. The ECU microproces- 
sor 16, after calculating the necessary phase shift, 
will send variable cam timing signals 32, 34 to activate 
the left-hand variable cam timing mechanism 36 and 
right-hand variable cam timing mechanism 38, re- 
spectively. Once activated, these variable cam timing 
mechanisms 36, 38, will independently shift the 
phase of the left-hand camshaft 12 and right-hand 
camshaft 14, respectively, relative to the crankshaft 
40 in order to provide the proper phase relationship 
for the given engine operating condition. Further, the 
ECU microprocessor 16 identifies cylinder number 1 
and starts the correct injection sequence. 

Figure 6 along with Figures 1 and 2, shows the 
phase relationship between the PIP signal 22, and a 
corresponding cam pulse 69 as shown in a baseline 
position. In this embodiment, the trailing edge 126 of 
the cam pulse 69 is the relevant edge for timing pur- 
poses, although the leading edge could also have 
been used. 

Should the phase angle of the camshaft 14 be 
advanced relative to the crankshaft 40 by the system 
10 in the predetermined maximum amount, then the 
cam pulse will be advanced relative to the PIP signal 
22 to the position shown as 69a. Likewise, should the 
phase angle of the camshaft 14 be retarded relative 
to the crankshaft 40 in the predetermined maximum 
amount, then the cam pulse 69b will be retarded rel- 
ative to the PIP signal 22 to the position shown as 
69b. 

A first alternative control circuit is shown by the 
dashed lines in Figure 1 and details are shown on Fig- 
ure 3. The left-hand cam pulse wheel 62 and sensor 
58 are the same as the first embodiment On the 
right-hand cam pulse wheel 72 the tabs 74, 76, 78, 80 
are the same as in the embodiment first discussed, 
however, the CID tab 82 is now located adjacent to a 
cam tab 76 as shown on Figure 1. The right-hand and 



left-hand cam pulses 90, 92 are electrically combined 
by means of an OR circuit 88 into a single electronic 
signal 94, as shown in Figure 3. The electrically com- 
bined signal 94 is received by the ECU microproces- 

5 sor 16, through a single high-speed input 96, thus re- 
ducing the number of high-speed inputs into the ECU 
microprocessor 16. 

A second alternative embodiment is shown in Fig- 
ure 4. In this embodiment, there are four cam pulse 

10 wheels 98, 100, 102, 104 each rotationally fixed to 
one of four independently phase sh'rf table camshafts 
in an eight-cylinder engine. The first pulse wheel 98 
has two cam tabs 106, 108 spaced one hundred and 
eighty degrees apart In addition, the cam pulse 

15 wheel 98 has a CID tab 110 adjacent to a cam tab 106. 
This configuration incorporates an OR circuit as in t he 
first alternative embodiment The other three cam 
pulse wheels 100, 102, 104 each have two cam tabs 
112 spaced one hundred and eighty degrees apart re- 

20 spectively. Each cam pulse wheel 98, 100, 102, 104 
has an associated cam sensor 114, which senses the 
cam tabs and generates an electric signal combined 
by an OR circuit 116 and received by the ECU micro- 
processor 16. 

25 A third alternative embodiment is shown in Figure 
5. In this embodiment, there is only one cam pulse 
wheel 118 rotationally fixed to a camshaft in a four- 
cylinder engine. The cam pulse wheel 118 has eight 
cam tabs 120 spaced forty-f ive degrees apart and 

30 permanently affixed to it Additionally, one cylinder 
identification tab 122 is fixed to the cam pulse wheel 
118, near one of the cam tabs 120. How near the one 
cam tab it is placed will vary depending upon the ap- 
plication; 1 5 separation has been utilised. Any point 

35 intermediate any two cam tabs 120 may be appropri- 
ate depending upon the engine application and avail- 
able computer software limitations. The cam sensor 
124 senses the cam tabs 120 and generates an elec- 
tric signal received by the ECU microprocessor 16. In 

40 this embodiment, the sample rate is double, in that 
two cam tab signals occur within each PIP signal 22 
rather than one cam tab signal per PIP cycle as in the 
previous embodiments. This increases the accuracy 
of the position calculations for an engine with fewer 

45 cylinders, especially when running at low engine 
speeds. The additional cam signals per PIP signal are 
shown in Figure 6 by the dashed pulses 130. 

The manner of operating with this system, or 
method of operation, will be self evident from the 

so above description. Briefly, the cam sensors 58, 60 de- 
tect the passing of the cam tabs 64, 66, 68, 70, 74, 
76, 78, 80 and the cylinder identification tab 82 and 
generate the resulting cam and cylinder identification 
signals 18, 20, 22 received by the ECU microproces- 

55 sor 16. Similarly, the crankshaft sensor 46 detects 
the crankshaft sprocket teeth 50, and generates the 
resulting crankshaft signal 52 received by the EDIS 
microprocessor 54, which in turn reads this signal to 

4 
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generate a PIP signal 24 received by the ECU micro- 
processor 16. Simultaneously, crankshaft position 
designations on the crankshaft sprocket are detected 
to generate a crankshaft signal which is transmitted 
to the EDIS microprocessor. The EDIS microproces- 5 
sor in turn reads this signal to create a PIP signal 
transmitted to the ECU microprocessor. Using the 
PIP signal as a reference along with the CID signal, 
the ECU microprocessor next identifies cylinder num- 
ber 1 and calculates the phase between the crank- w 
shaft and each independently phase shrf table cam- 
shaft. This information is then used for generating 
and transmitting a sequential fuel control timing signal 
to sequence the fuel injectors and also generates and 
transmits a cam phase shift signal to the camshaft is 
phase shift mechanisms corresponding to a desired 
phase angle relationship to be established between 
t he camshaft and crankshaft for a desired engine per- 
formance. 

It will also be noted that the system is readfly 20 
adapted to providing the means for continuing oper- 
ation of the vehicle even if the PIP signal is lost In 
such case, the cam phase signal can be used as a ref- 
erence for scheduling the timing of spark ignition and 
sequential fuel injection. Specifically, the cam phase 25 
is defaulted to a predetermined position, namely eith- 
er maximum advance phase 69a or maximum retard 
phase 69b, as shown in Figure 6. The PIP rising edge 
associated with each cylinder can be readily calculat- 
ed from such information. 30 

Although particular embodiments of the present 
invention have been illustrated in the accompanying 
drawings and described in the foregoing detailed de- 
scription, it is to be understood that the present inven- 
tion is not to be limited to just the embodiments dis- 35 
closed. For example, this control circuit can be adapt- 
ed to work with any number of camshafts for a single 
cylinder engine or for a multiple cylinder engine, in- 
cluding an in-line or V-style arrangements. Numerous 
rearrangements, modifications and substitutions are 40 
possible, without departing from the scope of the 
claims hereafter. 
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1. A system for determining and adjusting crank- 
shaft and camshaft phase relationship in an inter- 
nal combustion engine having at least one inde- 
pendently phase shiftabie camshaft (12,14), the so 
system comprising: 

a cam pulse wheel (62,72) rotationaily 
fixed to each independently phase shiftabie cam- 
shaft; 

cam position indicating means 55 
(64,66,68,70,76,78,80) fixed to the periphery of 
said cam pulse wheel (62,72) where the number 
of said cam position indicating means (N) is de- 



termined by the equation: 

N = 51 
n 

where m is the number of cylinders in the 
internal combustion engine, and n is the number 
of independently phase shiftabie camshafts, said 
cam position indicating means spaced equally 
around the periphery of the cam pulse wheel; 

a cylinder identification indicating means 
(82) fixed to only one (72) of said cam pulse 
wheels, located intermediate any two (76,78) of 
said cam position indicating means; 

means (58,60) for sensing said cam posi- 
tion indicating means, fixed relative to the engine 
to generate a cam phase signal and for sensing 
said cylinder indicating means to generate a cy- 
linder identification signal; 

a microprocessor (16), said microproces- 
sor receiving said cam phase signal at a high- 
speed input; 

means (46,48,50) for producing a crank- 
shaft signal indicating the rotational position of 
the crankshaft (40); 

means (54) for generating a profile ignition 
pick-up signal in response to said crankshaft sig- 
nal; 

means (36,38) for changing the phase an- 
gle of the camshaft relative to the crankshaft in 
response to said cam phase signal; and 

means (1 6) for controlling the injection tim- 
ing of a sequential fuel injection mechanism in re- 
sponse to said camshaft signal and said cylinder 
identification signal. 

2. A system as claimed claim 1 , wherein said means 
for producing a crankshaft signal includes a 
crankshaft pulse wheel; 

a crankshaft pulse wheel rotationaily fixed 
relative to the crankshaft, and a crankshaft pos- 
ition indicating means fixed at a pre-determined 
point on the crankshaft periphery representing a 
particular piston position in a particular engine 
cylinder, and 

crankshaft sensor means for sensing the 
rotation of said crankshaft pulse wheel to gener- 
ate a crankshaft signal. 

3. A system as claimed in claim 1 , further including: 
detection means for detecting continuing failure 
of production of a profile ignition pick-up signal 
and thereafter referencing a pre-determined cam 
phase signal for scheduling the timing of sequen- 
tial fuel injection and ignition. 

4. A system as claimed in claim 3, wherein said de- 
tection means references any one of a pre-deter- 
mined maximum advance cam phase signal and 
a pre-determined maximum retard cam phase 
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signal to which the system defaults upon failure 
in generation of a prof Be ignition pick-up signal. 

5. A system as claimed in claim 1, wherein said at 
least one camshaft comprises two independent 
camshafts in an eight cylinder internal combus- 
tion engine, and wherein the cam pulse wheels 
and cam position indicating means comprise: 

a first cam pulse wheel fixed rotationally 
relative to a first camshaft of said two indepen- 
dent camshafts; 

four cam tabs spaced equally around the 
periphery and fixed to said f irst cam pulse wheel; 

a second cam pulse wheel fixed rotation- 
ally relative to the second camshaft of said two 
independent camshafts; 

four cam tabs spaced equally around the 
periphery and fixed to said second cam pulse 
wheel, such that the angular relationship be- 
tween the four cam tabs fixed to the first cam 
pulse wheel and the four cam tabs fixed to the 
second cam pulse wheel is selected to generate 
interleaved cam phase signals at equal angular 
rotational intervals; 

a cylinder identification tab fixed to the 
periphery of the second cam pulse wheel, 
spaced intermediate two of the four cam tabs. 

6. A system as claimed claim 1, wherein said at least 
one camshaft is one camshaft in a four cylinder 
internal combustion engine, and wherein the cam 
pulse wheel and cam position indicating means 
comprise: 

eight cam tabs spaced equally around the 
periphery and fixed to said one cam pulse wheel, 
such that two camshaft position signals are pro- 
duced per every profile ignition pick-up signal; 

a cylinder identification tab fixed to the 
periphery of the cam pulse wheel, spaced inter- 
mediate two adjacent cam tabs of said eight cam 
tabs. 

7. A system for determining and adjusting crank- 
shaft and camshaft phase relationship in a multi- 
cylinder internal combustion engine having a se- 
quential fuel injection system and at least one in- 
dependently phase shiftable camshaft, the sys- 
tem comprising: 

at least one rotationally independent cam 
pulse wheel, each rotationally fixed relative to at 
least one independently phase shiftable cam- 
shaft; 

cam position indicating means fixed to the 
periphery of said at least one cam pulse wheel, 
the number of cam position indication means (N) 
is determined by the equation: 

N = — 
n 



where m is the number of cylinders in the 
internal combustion engine and n is the number 
of independently phase shiftable camshafts. 

said cam position indicating means 
5 spaced equally around the periphery of said cam 

pulse wheel; 

a cylinder identification indicating means 
fixed to the periphery of only one of said cam 
pulse wheels and located adjacent any one of the 
10 cam position indicating means; 

means associated with each cam pulse 
wheel for sensing the cam position and cylinder 
identification to generate indicating means, said 
means for sensing a cam phase signal fixed rel- 
15 ative to the engine; 

an OR circuit for combining multiple sig- 
nals to generate an integrated cam phase signal; 

a crankshaft pulse wheel rotationally fixed 
relative to the crankshaft; 
20 means for sensing the rotation of said 

crankshaft to generate a crankshaft signal; 

means for generating a profile ignition 
pick-up signal in response to said crankshaft sig- 
nal; 

25 means for generating injection timing sig- 

nal in response to said integrated cam phase sig- 
nal and said ignition pick-up signal; 

means for varying the phase angle of each 
camshaft relative to the crankshaft in response to 

30 operational parameters of said engine and said 
integrated cam phase signal; and 

means for controlling the injection timing 
of the sequential fuel injection system in re- 
sponse to said integrated cam phase signal. 

35 

8. A system for determining and adjusting camshaft 
and crankshaft phase relationship in a multiple 
cylinder internal combustion engine having a se- 
quential fuel injection mechanism, at feast one in- 

40 dependency phase shiftable camshaft with a cor- 

responding phase shift mechanism, and a mech- 
anism which determines the crankshaft rotation- 
al position and from this generates a correspond- 
ing profile ignition pick-up signal, the system 

45 comprising: 

a cam pulse wheel rotationally fixed to 
each independently phase shiftable camshaft; 

cam position indicating means fixed to the 
periphery of said cam pulse wheel, where the 

so number of said cam position indication means (N) 

is determined by the equation: 

N = m 

n 

where m is the number of cylinders in said 
55 internal combustion engine, and n is the number 

of independently phase shiftable camshafts; the 
cam position indicating means spaced equally 
around the periphery of said cam pulse wheel; 
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cylinder identification indicating means mum advance cam phase signal and the maxh 

fixed to only one of said cam pulse wheels, locat- mum retard cam phase signal, 

ed intermediate any two of said cam position in- 
dicating means; 

sensor means for sensing said cam posh 5 
tion indicating means fixed relative to the engine 
to generate a cam phase signal and for sensing 
said cylinder indicating means to generate a cy- 
linder identification signal; and 

means for receiving said cam phase signal 10 
and said cylinder identification signal, to compare 
with the profile ignition pick-up signal and deter- 
mine relative phase relationships of said signals. 



9. A method of determining and adjusting camshaft 1 5 
and crankshaft phase relationship in a multiple 
cylinder internal combustion engine having at 
least one phase shif table camshaft for variable 
cam timing, the method comprising the steps of: 

detecting the cam and cylinder identif ica- 20 
tion position designations on a cam pulse wheel 
and thereby generating a camshaft signal having 
a cam positional component and a cylinder iden- 
tification component; 

detecting crankshaft position designations 25 
on a crankshaft sprocket and thereby generating 
a crankshaft signal; 

generating sequential fuel control timing 
signals in response to said positional compo- 
nents and said cam identification component of 30 
said camshaft signal; 

generating a phase shift signal in re- 
sponse to operational parameters of the engine 
and said positional component of said camshaft 
signal and said crankshaft signal, said phase an- 35 
gie signal corresponding to a desired phase an- 
gle relationship between the camshaft and the 
crankshaf tfor reducing harmful emissions and in- 
creasing fuel economy for a desired engine per- 
formance; 40 

activating a phase angle mechanism with 
said phase angle signal to phase shift said cam- 
shaft relative to the crankshaft and thereby at- 
taining said desired phase angle; and 

activating a sequential fuel control mecha- 45 
nism, with said sequential fuel control timing sig- 
nal, for controlling the injection timing of the se- 
quential fuel injection mechanism. 



10. a method as claimed in claim 9, further including 50 
sensing any continuing failure in production of a 
profile ignition pick-up signal and thereafter de- 
faulting to a predetermined cam phase signal for 
scheduling the timing of sequential fuel injection 

and ignition. 55 

11. A method as claimed in claim 10, wherein the de- 
faulted cam phase signal is any one of the maxi- 
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